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who have different combinations of the statuses of genotype and the 
environmental factor 

 
           An interaction between an environmental factor and a genotype is present if the 
association between the environmental factor and a health outcome indicator differs 
among individuals with different status of carrying the genotype. To understand the GxE 
interaction effects, regressions may be estimated separately for genotype carriers and 
non-carriers (dominant or recessive models), or separately for those who carry 0, 1, or 2 
copies of the minor alleles (additive model), to assess the differences in effects of an 
environmental factor on a health outcome indicator among those who have different 
genotypes.  If the genotype-specific regression analyses are to be carried out, however, 
sufficiently large sub-sample size is required for each genotype group, but such 
required data are likely not available in most circumstances, including our present study. 
Thus, we apply a simple procedure to assess the differences in effects of an 
environmental factor on a health outcome indicator among those who have different 
genotypes, without further dividing the samples. Note that this procedure was applied in 
previous publications in which the genotype was defined by following the dominant or 
recessive model and the environmental factors were binary variables in the logistic 
regression models. We extend here the procedure to the cases in which genotypes are 
defined by the additive model (or recessive or dominant model) and the environmental 
factors are ordered (or binary) variables, employing the Cox proportional hazards model. 

 
             In general, the Cox proportional hazards model is expressed as:

 
0 1 2 3log ( ) log ( ) [ *E ]

ii i i i i j j

j

h t h t G E G X                                             [1] 

where hi(t) is the hazard at time t of the ith individual and h0(t) is the baseline hazard at 
time t; Gi represents the genotype and Ei represents environmental factor status of the 
ith individual; GixEi is the interaction term of the genotype and environmental factors; Xji 
is a vector of covariate values corresponding to the ith individual. Coefficients β1, β2, β3 
and αj measure the hazards of mortality risk for the corresponding variables. Gi may be 
a binary variable (dominant or recessive model) or an ordered variable (additive model); 
Ei may be a binary variable (Ei = 1 or 0 refers to exposure or not exposure to the 
environmental factor, such as drinking tea or not-drinking tea), or an ordered variable 
(Ei=0, 1, 2,…; such as Ei=0, 1, 2 refers to never, sometimes and often drinking tea). 
 

Let HRGE represent the hazard ratio of mortality risk of those with a combination 
of the genotype status of carrying the minor allele(s) (G) such as the FOXO1A-209 
genotype and an environmental factor (E) such as tea drinking.  Note that there are two 
limitations if one simply uses general Cox proportional hazards model expressed in 
Equation (1) and the coefficients β1, β2 and β3 produced by the standard software to 
estimate the hazard ratios of mortality risk (HRGE) for those individuals with combined 
statuses of the genotype and the environmental factor.  First, we have no way to 
estimate the p values of HRGE based on the coefficients β1, β2, β3 and the other 
outcomes produced by the standard software. The second limitation is that it would 
involve an unrealistic assumption. For example, using Equation (1) to estimate HRGE in 
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the present study would implicitly assume that the mortality risk for those who carry 2 
copies (Gi=2) of the FOXO1A-209 minor allele is twice as high as that for those who 
carry one copy (Gi=1) of the minor allele, and assume that mortality risk for those who 
often drink tea (Ei=2) is twice as high as that for those who sometimes drink tea (Ei=1); 
these assumptions may likely not be correct in real world. To avoid these two limitations, 
we estimate HRGE and their p values by setting up several exclusive dummy variables 
ZGE in the regression equations. ZGE represents the combinations of the genotype status 
(the subscript G = 0, 1 for dominant and recessive models, or G = 0, 1, 2 for additive 
model) and the environmental factor status (the subscript E = 0 or 1 for binary variable, 
or E = 0, 1, 2, … for ordered variable).  

 
         We estimated the hazard ratios of mortality risk (HRGE) of the following four types 
of combinations of FOXO1A-209 genotypes (with recessive or additive model) and 
environmental factor of tea drinking (binary or ordered variable), using the Equations 
below, and the results are presented in Tables 3 and 4, Figures 1 and 2:  
(1)  FOXO1A-209 genotypes with recessive model and tea drinking binary variable:  
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(2) FOXO1A-209 genotypes with recessive model and tea drinking ordered variable:
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(3) FOXO1A-209 genotypes with additive model and tea drinking binary variable:
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(4) FOXO1A-209 genotypes with additive model and tea drinking ordered variable:
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          As shown by the results presented in Tables 3 and 4 and Figures 1 and 2, the 
estimates of HRGE based on the regressions models expressed in Equations [2]-[5] with 
dummy variables ZGE which represent the combinations of the statuses of genotype and 
the environmental factor adequately and intuitively reveal the GxE effects, although 
there are no explicit interaction terms in the regression equations.  
 
 
 
 


